]pentadeca-2,4,6,10-tetraen-12-one. Formation of these products is rationalized.
Introduction
The cyanomethyl group together with the adjoining formyl group are suitably arranged in a molecule of 2-cyanomethylbenzaldehyde (1) 1 to participate in the formation of fused-ring compounds. Indeed, the reaction of aldehyde 1 with ammonia, primary or secondary amines, catalyzed by trifluoroacetic acid, gives 3-amino substituted isoquinolines, usually in good yields. 2 In this case, amidines formed by the addition of ammonia or amines to the cyano group in 1 undergo cyclization with the formyl group. We expected that in an analogous process, anions 4¯ generated in Michael reaction of 1¯ with electrophilic alkenes 3 (where EWG is an electron withdrawing group), should be intercepted by the formyl group forming dihydronaphthalene derivatives 5. The reaction of 1 with one equivalent of phenyl vinyl ketone 3a (EWG = Bz) afforded naphthalene 6a, however in a lower yield comparing to the one where ketone 2a was used (Table  1 ; No.1). Aryl vinyl ketones are unstable, easily decomposed when treated with a base, hence the use of their precursors, ketones 2, in more basic System A is advisable. Structurally related products 13 were also formed from the reaction of 1 with cyclic ketones 12a,b (used in significant excess). In this case the best results gave the solid-liquid PTC system B (Scheme 2). Products 6 and 13 are not described in the literature. Synthesis of naphthalenes substituted at C-1 and C-3 with EWG-s is not easily realized, and such products were often obtained in low yields, usually by processes other than aromatic electrophilic substitution (e.g. 1,3-dinitro-, 7, 8 1,3-dicyano-, 9 1-nitro-3-acyl-, 10 3-cyano-1-methoxycarbonyl- 11 or 1-cyano-3-methoxycarbonylnaphthalene 12 ). Recently, the synthesis and transformations of fused bicyclo[2.2.2]octenes have been reviewed. 13 A possible route leading to products 6 is presented on Scheme 1. Carbanion 1¯ generated from 1 reacted with ketone 2 or 3 (in the case of chloroketones 2 most likely via aryl vinyl ketone 3), forming anion 4¯. Intramolecular aldol condensation of the latter followed by the elimination of water produces dihydronaphthalene 5, which is dehydrogenated to the final naphthalene 6. Conversion of 5 into 6 (Scheme 1) requires comments. It is well established that PTC oxidation of α-arylalkanenitriles with dioxygen leads to the formation of corresponding phenones. [14] [15] [16] In the case of 5, this reaction should give 3-aroyl-1-naphthols (by an oxidationtautomerization route), which in fact were not formed. On the other hand, 2-substituted derivatives of 1,4-dicyano-1,2-dihydronaphthalene treated with 5% ethanolic potassium hydroxide were dehydrogenated into 1,4-dicyanonaphthalenes in low yield, but aromatization comprised mainly elimination of hydrogen cyanide. 17 Partially unsaturated, cyano-substituted fused aromatic compounds were dehydrogenated with DDQ. [18] [19] [20] Therefore, we undertook the independent synthesis of 5a (Scheme 3) to investigate its transformation into 6a. Scheme 3. Independent synthesis of 5a and its transformation into 6a in PTC system A.
Acetalization of 1 gave quantitatively 14 which under PTC conditions reacted sluggishly with ketone 2a affording the Michael adduct 15. The reaction progress monitored by GC revealed total conversion of 14, but column chromatography allowed isolation of 15 in ca. 35% yield, at best. Attempted deacetalization of 15 with hydrochloric acid in acetonitrile led directly to 5a, instead of 16a.
Next, the key intermediate 5a was stirred in the PTC system under air, under inert gas or in the stream of bubbled oxygen. Under the two first conditions, the process led to product 6a, but at a much higher rate under atmosphere of air, while passing oxygen into the reaction gave a complex mixture of products. The results testify to the spontaneous character of 5 into 6 transformation, difficult to control. Interestingly, we did not observe the formation of a dehydrocyanation product, i.e. 2-benzoylnaphthalene.
The reaction of methylene compounds with electrophilic alkenes often led to substitution of both acidic hydrogen atoms, particularly when an excess of the anion acceptor was applied. [21] [22] [23] A similar process, additionally involving the formyl group in 1, was observed. Thus, stirring of 1 with more than two molar equivalents of ketones 2 produced tricyclic derivatives 9 in a 47-78% yield (Scheme 1, Table 1 ). The reaction of 1 with an excess of methyl vinyl ketone (3a) gave intermediate 9 which possesses an active methyl group hence it reacted further giving polycyclic products 11.
Concerning tricyclic structure 9, the parent hydrocarbon, i. ) were prepared by multistep procedures, usually in low yields, while compounds listed in Table 1 are not described in the literature. When an excess of ketone 2 was present in the system, the α-cyanobenzyl carbanion generated from 4¯ via [1, 3] hydrogen shift reacted with the vinyl ketone 3 to give the anion of diadduct 7¯, which via a series of intramolecular reactions afforded the final structure 9 (Scheme 1). Alternatively, intermediate diketone 8 may be also produced by the reaction of an anion from cyanodihydronaphthalene 5 with vinyl ketone 3.
Compounds 9a,c-e were isolated as pure diastereoisomers, possessing the same relative configuration at the carbon atoms bearing the aroyl groups (A and its mirror image; Figure 1 ). Their structure was fully confirmed by 13 C NMR spectra (two signals of carbonyl carbons).
Surprisingly, the 13 C NMR spectrum of the product of the reaction of aldehyde 1 with ketone 2b confirms the identically arranged aroyl groups in 9b (diastereoisomer B or C; Figure 1 ). Attempted equilibration of product 9b (stirring with 50% aq. sodium hydroxide in benzene with TEBAC catalyst for 2 h) failed since it decomposed. Still other products were formed from 1 and electrophlic alkenes 3h,i. In these cases, anions from 8 were not prone to cyclize but eliminated hydrogen cyanide giving naphthalene derivatives 10h,i.
Conclusions
We have described a simple approach to derivatives of cyanonaphthalenes 6 and cyanobenzobicyclo[2,2,2]octenes 9 from available aldehyde 1 and ketones 2 or 3, under convenient PTC conditions. Furthermore, we have indicated that suitably substituted 1-cyano-1,2-dihydronaphthalenes 5 entered under PTC conditions spontaneous dehydrogenation into 1-cyanonaphthalene derivatives 6. The intermediate tricyclic structure 9f [produced from 1 and methyl vinyl ketone (3f)] reacted further giving the fused-ring product 11. On the other hand, the PTC reaction of 1 with electrophilic alkenes 3h,i afforded 1,3-disubstituted naphthalenes 10h,i. The formation of these products is rationalized.
Experimental Section
General Procedures. Column chromatography was performed on Merck silica gel (240÷400 mesh) using AcOEt-hexane (gradient) as eluent, and gas chromatography (GC) on an Agilent 6850 Series GC System fitted with HP-50+ (30 m) column.
1 H NMR (400 MHz, CDCl 3 ) and 13 C NMR (100 MHz, CDCl 3 ) spectra were measured on a Varian Mercury 400BB spectrometer, if not indicated otherwise; chemical shifts (δ) are given in ppm related to tetramethylsilane (TMS), coupling constants J in Hz. IR spectra were recorded on a Specord M-80 spectrophotometer in KBr; ν are given in cm -1 . Elemental analyses were performed on a Perkin Elmer 2400 Ser. II CHNS/O microanalyser. Melting points were measured on a capillary apparatus, and were not corrected. Aldehyde 1, 1 chloroethyl aryl ketones 2a-d 35 and 2e 36 were obtained according to literature
procedures.
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General procedure for preparation of 1-cyano-3-aroylnaphthalenes 6a-e in system A To the stirred solution of aldehyde 1 (0.29 g, 2.0 mmol), chloroketone 2a-e (2.0 mmol) and TEBAC (0.023 g, 0.1 mmol) in benzene (30 mL), 50% aq NaOH (1 mL, 19.1 mmol) was added. When aldehyde 1 was no longer detected by GC (1-2 h), the reaction mixture was diluted with water (50 mL). The organic phase was separated and the water phase was extracted with CHCl 3 (3×20 mL). Combined organic phases were washed with water (30 mL) and dried (MgSO 4 ). After the solvent was evaporated, the crude mixture was purified by column chromatography ( Table 1 ). The products were recrystallized to give analytical samples of 6a-e. General procedure for preparation of 1-cyano-3-acylnaphthalenes 6f,g in system A The solution of aldehyde 1 (0.29 g, 2.0 mmol) and ketone 3f,g (2.0 mmol) in benzene (4 mL) was added dropwise to the stirred mixture of 50% aq NaOH (1 mL, 19.1 mmol), TEBAC (0.023 g, 0.1 mmol) and benzene (6 mL). When aldehyde 1 was no longer detected by GC (1 h), the reaction mixture was diluted with water (50 mL). The organic phase was separated and the water phase was extracted with CHCl 3 (3×20 mL). Combined organic phases were washed with water (30 mL) and dried (MgSO 4 ). After the solvent was evaporated, the crude dark mixture was purified by column chromatography and naphthalenes 6f,g (characterized below) were obtained, however in a much lower yield (Table 1 ) than in system B.
1-Cyano-3-benzoylnaphthalene (6a). Mp 155-156 °C (MeOH
General procedure for preparation of 1-cyano-3-acylnaphthalenes 6f,g in system B To the stirred solution of aldehyde 1 (0.29 g, 2.0 mmol), vinyl ketone 3f,g (2.0 mmol) and Aliquat 336 (0.040 g, 0.1 mmol) in benzene (30 mL), K 2 CO 3 (0.138 g, 10.0 mmol) was added. When aldehyde 1 was no longer detected by GC (ca 2 h), the reaction mixture has been worked up as described in General procedure for 6a-e in system A. The crude mixture was purified by column chromatography (Table 1 ) and the products were recrystallized to give analytical samples of 6f,g. 
General procedure for preparation of 1-substituted-3-cyanonaphthalenes 10h, i
To the stirred solution of aldehyde 1 (0.29 g, 2.0 mmol), acrylonitrile (3h, 0.11 g, 2.0 mmol) or phenyl vinyl sulfone (3i, 0.739 g, 4.4 mmol) and TEBAC (0.023 g, 0.1 mmol) in benzene (30 mL), 50% aq NaOH (1 mL, 19.1 mmol) was added. When aldehyde 1 was no longer detected by GC (2 h), the reaction mixture has been worked up as described for compounds 6f,g and the crude mixture was purified by column chromatography ( Table 1 ). The products were recrystallized to give analytical samples of 10h,i. ]pentadeca-2,4,6,10-tetraen-12-one (11). To the stirred solution of aldehyde 1 (0.29 g, 2.0 mmol), methyl vinyl ketone (3f, 0.42 g, 6.0 mmol) and TEBAC (0.023 g, 0.1 mmol) in benzene (30 mL), 50% aq NaOH (1 mL, 19.1 mmol) was added. The stirring was continued at rt for 3 h. The reaction mixture was diluted with water (50 mL) and has been worked up as described for naphthalenes 6f,g. After the solvent was evaporated, the crude mixture was purified by column chromatography. The product was recrystallized to give analytical sample of 11. Mp 109-110 °C (cyclohexane). Yield: 448 mg (90 %). 1 
1-(2-Cyanoethyl)-3-cyanonaphthalene (10h). Mp 93-94 °C (AcOEt

General procedure for preparation of 1-cyano-5,8-diaroylbenzobicyclo[2.2.2]octenes 9a-e
The reactions were carried out as described for 6 in General procedure in system A, starting from aldehyde 1 (0.29 g, 2.0 mmol), chloroketone 2a-e (4.2 mmol), TEBAC (0.023 g, 0.1 mmol), benzene (30 mL) and 50% aq NaOH (1 mL, 19.1 mmol). The crude mixtures were purified by column chromatography and the products 9a-e were recrystallized. In case of the reactions of 2a and 2e, minute amounts (ca. 5%) of the corresponding naphthalenes 3a and 3e were isolated (Table 1) . Cyano-3-benzoyl-1,2-dihydronaphthalene (5a) . The suspension of nitrile 15 (0.41 g, 1.32 mmol) in a mixture of acetonitrile (6 mL) and 3% HCl (16 mL) was refluxed for 2 h, then cooled and diluted with water (30 mL). The mixture was extracted with CH 2 Cl 2 (3 x 20 mL), the combined organic phases were washed with water (2×20 mL) and dried (MgSO 4 ). The solvents were evaporated and the crude mixture was purified by column chromatography to give the product 5a as transparent, colourless oil (yield 0.27 g, 78% 
1-Cyano-5,8-dibenzoyl-benzobicyclo[2.2.2]octene (9a). Mp 165 °C (AcOEt
1-Cyano-3-benzoylnaphthalene (6a).
To the stirred solution of dihydronaphthalene 5a (0.27 g, 1.03 mmol) and TEBAC (0.02 g, 0.05 mmol) in benzene (15 mL), 50% aq NaOH (0.5 mL, 9.5 mmol) was added. The reaction was carried out for 2.0 h, the mixture was diluted with water (25 mL), the organic phase was separated, and the water phase was extracted with CHCl 3 (3×15 mL). The combined organic phases were washed with water (20 mL) and dried (MgSO 4 ). The solvent was evaporated, the residue was purified by column chromatography and the product 6a was obtained as transparent colourless oil, which solidified. Recrystallization from methanol afforded the product, which exhibited physical and spectral properties the same as described for 6a obtained according to the General procedure in system A, (yield 0.23 g, 85%).
